The purpose of this study was to develop a Japanese questionnaire for subjective oral dryness and reveal factors associated with xerostomia among Japanese youth. A sample of 237 male and 144 female Japanese students (mean age: 20.8 years) was selected. The validity of the questionnaire was assessed through factor analysis, while its reliability and internal consistency were assessed with Cronbachʼs alpha. The impact of health, daily life, food intake, and oral dryness on xerostomia was assessed. To this end, subjects responded to questions on oral dryness, health, daily life, and food intake; unstimulated saliva was also collected from the subjects. Unstimulated salivary flow rate ranged from 0.02 to 1.8 ml/min (mean: 0.32 ml/min.). Factor analysis revealed that the questionnaire comprised 12 items making up four factors, namely,at swallowing the food particle, oral dryness during mastication, dryness of the lips or facial surface,anddryness at night.All factors had a Cronbachʼs alpha of 0.6 or more. In addition, subjects with an unbalanced diet had a threefold susceptibility to xerostomia.
Introduction
Saliva plays an important role in general and oral cavity health (1, 2) . Sufficient, good-quality saliva enables the smooth capturing of food, wetting or softening of food to facilitate mastication, swallowing, and digestion. The role of saliva also includes enabling the mechanical protection of soft and hard oral tissues both at rest and during a particular oral process (e. g., mastication). Furthermore, salivary antibodies offer protection against various types of bacteria, viruses, and fungi. With regard to its oral functional role, salivary flow rate affects speech, taste, and denture retention (3) . Inefficient salivary gland function may lead to severe oral health impairment (4) . Examples of these are dental caries, mucous membrane alterations, speech difficulty, dysphagia, and microbial infections. Aging and a general decrease in salivary flow has several effects on an individualʼs daily life, particularly with regard to aspects such as food intake, treatment modalities, and oral care.
The mean flow rate of unstimulated whole saliva is approximately 0.3 ml/min, but this rate can range widely̶from 0.008 to 1.85 ml/min (5) . An objective unstimulated salivary flow rate that falls below 0.1 ml/min is diagnosed ashyposalivation (5) . There are various conjectures regarding the possible causes of hyposalivation.
Examples of these are systemic disorders, duration of the potential medications (6) , and the possible effects of radiotherapy for the treatment of tumors in the head and neck region (7) . Although the amount of saliva secreted might objectively be within the normal range, subjective experiences may be contrary to objective measures; xerostomia is a condition involving subjective oral dryness (8) . No less than 20% to 65% of the population over 65 years of age complains of xerostomia (3, (9) (10) (11) (12) , and up to one-third of individuals with xerostomia do not show a decrease in the salivary flow rate (3) . Thus, in order to discriminate between hyposalivation and xerostomia, the objective salivary flow rate, accompanied by the use of a valid and reliable measure of subjective dryness, must be used as diagnostic test. Although there are validated questionnaires for the measurement of oral dryness in various countries (13) (14) (15) , none have been found in Japan. In this study, an existing English questionnaire is translated into Japanese and administered to a sample of Japanese youth for validation and reliability testing, with a view towards developing a valid Japanese questionnaire measuring subjective oral dryness. Additionally, the questionnaire is used to determine the prevalence of hyposalivation and xerostomia among Japanese youth, as well as reveal factors that are associated with xerostomia, despite there not being a decrease in the salivary flow rate.
Materials and Methods

Subjects
The sample comprised 381 students at Nihon University School of Dentistry at Matsudo, including 237 men and 144 women aged between 18 and 34 years (mean age: 20.8 yrs, standard deviation: 2.1 yrs). All of the subjects were healthy and not using any medication. The subjects were required to complete the questionnaire on oral dryness. Subsequently, unstimulated saliva was collected. Informed consent was obtained from each subject prior to participation. The study protocol was approved by the ethics committee at Nihon University School of Dentistry at Matsudo (#: EC 10-035).
The questionnaire
Seventeen items relating to oral dryness, chosen after referring to several English articles (13) (14) (15) (Table 1) 
Collection of unstimulated saliva
Unstimulated whole saliva was collected through the spitting method from 11:00 to 11:45 a.m. from June to July 2011. Prior to the collection of saliva, the subjects attended a 60-minute lecture, during which they had refrained from food, beverages, and smoking (14, 16) . Before the collection, the subjects were asked to sit in an upright position and swallow all the saliva in their oral cavity. They were then asked not to swallow for 5 minutes and subsequently expectorate the accumulated saliva into a disposable cup after the session. Flow rates of whole saliva were expressed in ml/min.
Data Analysis
The validity and reliability of the questionnaire Construct validity was assessed through factor analysis, while reliability, in the form of internal consistency, was determined through Cronbachʼs alpha after the factor and constructed items had been defined. The scree plot revealed that 4-factors was determined as valuable numbers of common factors. Promax rotation was conducted for ease of interpretation. The items were classified into four, inter- The association between objective assessment and subjective saliva flow
Participants whose unstimulated saliva rate fell below the overall group average were classified into the objective dryness (OD) group, while those with an above-average unstimulated saliva rate were classified as the non-objective dryness (NOD) group. In the same way, when a partici-pantʼs total score on the constructed questionnaire fell below the overall average rate, that participant was classified into the subjective dryness (SD) group. In instances of an aboveaverage total score, the concerned subject was classified into the non-subjective dryness (NSD) group. Furthermore, 2×2 contingency tables were generated to express the prevalence of hyposalivation and xerostomia.
Health, daily life, food intake, oral dryness, and xerostomia without a decrease in salivary flow 
Results
Validity and reliability of the questionnaire
Factor analysis revealed that the questionnaire consisted of four factors with 12 items (Table 3 ). Factor 1 comprised three items (Q3, 10, and 17), interpreted asswallowing the food particle.Factor 2 comprised three items (Q1, 2, and 15), interpreted asoral dryness during mastication. ( Table 4 ).
The association between objective saliva flow and subjective assessment by questionnaire
The participantsʼ unstimulated salivary flow rate ranged Int J Oral-Med Sci 12(3):141-146, 2013 143 Table 3 Factor structure of the oral dryness questionnaire after promax rotation Table 6 shows the impact of health, daily life, and food intake on xerostomia. Subjects who had an unbalanced diet?were more likely to have xerostomia than those who had not (odds ratio=3.04; 95% CI: 1.41 to 6.69, p=0.002, chi-square test).
Discussion
The objectives of this study were to construct a valid and reliable questionnaire measuring subjective oral dryness, and identify the factors that are associated with xerostomia. Table 5 Numbers of subjects with subjective and objective dryness Fig. 1 Mean scores of each factor of oral dryness questionnaire Table 6 The impact of health, daily life and food intake to xerostomia anced diet had three times the odds of xerostomia than those who had a balanced diet. This suggests that an unbalanced diet may play an important role in the etiology of xerostomia.
The questionnaire consisted of four factors. Two of these each comprised three questions, tapping into oral function during mastication and swallowing. The remaining two factors also each comprised three questions on perceived oral dryness during the day and at night. Thomson et al.(14) also carried out factor analysis of the current questionnaire but found a two-factor structure: one related to xerostomia and the second related to burning-mouth syndrome. These 
